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ABSTRACT 

By studying many observations from recent research 
dealing with beginning physics students' conceptions about forces and 
motion, this investigation produced a framework within which this 
research can be organized. The framework summarizes the mechanisms of 
force invoked by students in particular situations, and it describes 
the features of physical situations that students believe will modify 
the relative sizes and forces. Finally, the framework suggests some 
of the ways students mediate between various forces when predicting 
or explaining what will happen in a given situation. Using the 
framework of students' ideas, the authors have attempted to interpret 
some of the findings of earlier conceptions research. The framework 
is also being used to guide development of diagnostic exercises for 
both paper and pencil and interview questioning. Examples of some of 
this work is included in this document. In addition, the framework is 
being used to guide instruction intended to help students 
differentiate and integrate their initial concepts into a more 
coherent mechanical theory that can be broadly applied. (TW) 
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ABSTRACT 



The investigators developed a framework within which 
many of the observations from recent research in beginning 
physics students 1 conceptions of forces and motion can be 
organized. The framework summarizes the mechanisms of force 
invoked by students in particular situations. It describes 
the features of physical situations that students believe 
will modify the relative sizes of forces. Finally, the 
framework suggests some of the ways students mediate between 
various forces when predicting or explaining what will 
happen in a given situation. 

Using the framework of students 1 ideas , the authors 
have been able to interpret some of the findings of earlier 
conceptions research. Some problems/situations which seem 
to involve few variables from the point of view of formal 
physics involve a great number of salient features from the 
naive physics student's perspective. 

The framework is helping to guide development of 
diagnostic exercises for both paper and pencil and interview 
questioning. It is also guiding instruction to help 
students differentiate and integrate their primative notions 
into a more coherent mechanical theory that can be applied 
consistently across a broad domain of contexts. 
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FINAL REPORT OF NIE GRANT NO. 83-0059 
A SUMMARY AND OVERVIEW 



There is a growing body of knowledge about the 
conceptions of beginning physics students, particularly in 
the area of mechanics* The primary goal of this research 
project was to develop a framework for organizing students' 
ideas about forces. Using data from individual interviews, 
classroom exercises, and diagnostic tests, we identified 
ways in which significant numbers of beginning students view 
the mechanisms of force, modifiers of the magnitude of 
force, and factors which mediate when more than one force is 
considered. Using this information we have been able to 
predict the percentage of students who will give alternative 
responses to specific questions about mechanics. We can 
describe the thinking that makes different answers seem 
plausible to significant numbers of students. The framework 
is guiding us in further research, in students 9 alternative 
understandings and in our teaching.. I7e are told that the 
framework is proving to be useful to researchers at the 
University of Massachusetts, Amherst and the National 
Learning Center, Pittsburg. 

We developed the framework by looking at the students 1 
notions of forces from two perspectives. The first was to 
consider the descriptions of novice thinking as viewed from 
the perspective of formal physics. We developed elaborate 
concept maps from the perspective of each group. As we were 
about this work, we did not discover any single theory of 
mechanics invoked by all novice students. In other words, 
the students varied in their understanding of the mechanisms 
and modifiers of forces. When two forces were present, 
there were different sets of considerations in determining 
which would be the stronger of the two. This led us to a 
second way of organizing the framework. Setting formal 
physics aside, we focussed on the responses and explanations 
of our students and identified patterns in their thinking. 

The present version of the framework captures the 
salient features of problems/situations and suggests the 
ways those features will influence students 1 answers and 
explanations. For some students, we have been able to 
predict answers to subsequent questions, but not all 
students consistently choose the same features which they 
consider as most critical. Because there are numerous 
features which students identify as important in situations, 
the framework helps explain that while the students 1 answers 
seem random from the point of view of formal physics, there 
can be a system to many of their choices. 

We obtained feedback from paid consultants at numerous 
points along the way. Don Finkle, Steve Monk, Dewey 
Dykstra, and Geof Loftus critiqued the framework in its 
various forms. Joan Heller interviewed students as part of 
the evaluation of the validity of the framework. During 



consulting exchanges, we also obtained feedback regarding 
the framework from the cognitive process psychology group 
and the physics education group at the University of 
Washington , the Cognitive Process Research Group at the 
University of Massachusetts , Amherst f the critical and 
creative thinking group at the University of Massachusetts, 
Boston, and the National Learning Center, Pittsburg. 

Although the framework and many of the diagnostic 
questions have been used by others and their data shared 
with us, for the most part the development and evaluation oi 
the framework was accomplished with data from our students 
at Mercer Island High School. In the initial stages of 
development, our introductory physics students and o.ther 
science students who; had not yet enrolled in physics, 
answered questions oh early versions of diagnostic tests. 
Within the first two ; weeks of classes for each of the last 
two years, our diagnostic test and a diagnostic test 
developed by Clement, et al from the University of 
Massachusetts, Amherst were administered to all beginning 
physics students in the classes taught by Minstrell and 
Stimpson. Pre- ins truct ion quizzes were taken by these 
students prior to instruction in many of the mechanics 
units. 

The results of some of these tests are included in this 
report. The individual questions and students 1 answers are 
individually consistent with earlier published results of 
the conceptions research. Since the focus of our research 
was to seek relationships between various answers, we were 
more interested in collections of answers to various 
questions rather than results of an individual item or a 
single test score. Therefore, most of the analysis was by 
the specific answer rather than right vs. wrong. The 
individual responses were correlated with each other. It 
was from the clusters of similar answers and explanations 
that we inferred the salient features of the framework. 

For five novice physics students, we have data from 
interviews conducted the spring before they began their 
physics course. During their year in the program, we 
collected paper-and-pencil results from their work. It is 
* interesting to note many consistencies between the salient 
problem features one.year and the next, prior to, during, 
and, in some cases, even after instruction. 

This report is organized in two major parts. The first 
describes and validates the framework. This is a draft of 
an invited address to the 1987 Winter Meeting of the 
American Association of Physics .Teachers. A subsequent 
version will be submitted to AAPT as they have expressed an 
interest in publishing the framework. The second part of 
the report is a series of very* short, loosely connected 
papers describing various facets of either the research 
effort or the results of specific activities. These papers 
provide details of data and relationships referenced in the 
first section of the report. 



DESCRIPTION OF STUDENT THINKING REGARDING THE IDEA OF FORCE 



What is their definition of force if they give one? 

Virtually all our students have taken both the u Mass 
Diagnostic and the Mercer Island Diagnostic. The sorts of 
students* notions described here are inferred from students 1 
answers to questions on these diagnostic tests and from 
observations reported in the research literature. 

For those students for whom we have interviews, there 
is a place in the interviews wherein we asked students which 
of the factors they f ve identified they would classify as a 
force, why, and how would you define a force/ what does 
force mean to you? 



THE FRAMEWORK 



I. MECHANISMS 

A. Push/Pull by an outside agent 

1. Action by contact/touching (sometimes 

called a pressure from contact) 

2. Action by some causal agent through 

an indirect connection 

3. Action across space 

empty space or intermediate material? 
gravity, what is it? differentiated 

from air pressure 

different from weight? 

What are the effects? 

differentiated from magnetic and electrical? 

4. Actions by passive objects, characteristics or 

state of objects that can and can't exert forces 

B. Force as a Property of an object 
• 1. Weight 

makes things fall/ holds things down 
like inertial mass, holds things back 

2 . Motion m 

Force of motion conserves motion 
constant straight line velocity 
constant curvilinear motion 

continued acceleration after active agent removed 

3 . Qualities 

"May the 'force 1 be with you" 
Material, like Helium 

C. Resistance 

Directional or nondirectional 
Holds things down like weight 
Holds things back like inertial mass 
Mechanism 
rubbing 

ambient medium 

a property of the system rather than resulting 
from interaction between objects 



II. MODIFIERS OP MAGNITUDE OP FORCE 



A. Relative Size of objects involved 

The "larger" exerts the greater force 
l.Spacially large 
2 . Heavy/ we igh t 
3 .Strength 

B. Relative Activity of objects 

The "more active" object exerts the larger force 

1. Motion 

2. Effort 

3 • Internal 

material's natural tendency 
actions like an engine 
will or desire 

C. Actions vs. Effects 

The object that causes the greater change exerts the 

greater force 
Have .students made a distinction between 

forces exerted and forces felt? 

If so, are the magnitudes different? 

D. Potential vs Actual Amount 

Are students focussing on the amount of 

force an object could exert or does exert? 

III. MEDIATIONS AMONG FORCES 

A. When one or more forces are in the same direction, they 
will explain the motion in that direction. 



B. When one or more forces are in the opposite direction 
Are the forces, properties of the system, and 
resistance 
resolved one for one? 

yielding to which is the most salient factor? 



C. When forces are orthoganal, 

Does the initial force yield to the second 
immediately? 
gradually over time? 
initially, but then come back? 
completely, partially, or not at all? 

D. When forces are other than parallel or perpendicular 



SO WHAT ARE STUDENTS ' INITIAL CONCEPTIONS REGARDING FORCE? 



A FRAMEWORK FOR ORGANIZING THE PHENOMENA 



At the beginning of a unit on dynamics , the teacher may 
ask the students what they think of when they think of 
force. Typically a majority of responses center around 
"Force is a Push or Pull." Text treatment of dynamics from 
elementary grades at least through high school begins with 
the assumption that force is a push or pull. The teacher 
and the students move on believing there is common 
understanding about the nature of force. To operate under 
this and similar assumptions may be contributing to the 
invocation and persistance of conceptions that stand in the 
way of students 1 development of their understanding of 
dynamics. 

This paper suggests that this and other beginning 
notions of students demonstrate that students 1 conceptions 
regarding force are very different from those of formal 
physics. Students are not blank slates but come with 
initial ideas, many of which will be useful in dynamics. 
Their ideas, however , are not clearly differentiated from 
each other , and they are not integrated into a clear 
conception of force that is consistent with that of formal 
physics. 

Although many of their ideas are similar to ideas from 
Aristotle, Impetus Theory, Newton or some other theory 
existing in the history of the development of physics, we do 
not find that student thinking in general about dynamics is 
consistent with only one theory. The particular conceptions 
we suggest in this paper are those it seems reasonable to us 
to assume are dominant in a class of beginning students. 
The thinking of an individual student in many cases is 
consistent across tasks and may persist through timi and 
even through instruction. While several conceptions have 
been identified as being used by large proportions of 
introductory physics students, there does not ceem to be one 
theoretical structure of novice thinking into which they 
fit. 

This paper describes the results of our search for a 
novice theory related to force and motion. Although no 
single theory was identified, we infer aspects of a 
framework within which most of the phenomena of students 1 
conceptions about force and motion can be organized. Rather 
than a catalog of errors in student thinking from the 
perspective of formal physics, in our framework we have 
attempted to describe students' ideas in their own words to 
contrast their thinking with that of formal physics. The 
inferences put forth in the paper are based on observations 
madfe during our teaching and research and of observations 
made by other investigators. This paper is not an attempt 
to review the literature of relevant research but an attempt 
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to organize the phenomena in a rational and useful way. 
(Note: For a listing of students' conceptions in mechanics, 
see McDermott, 1984, and Halloun and Hestenes, 1985.) 

Within our framework we will first attempt to describe 
prominent attributes of the students' conceptions regarding 
force. Then, we will suggest ways in which these 
conceptions go together to give the results of conceptions 
research reported by ourselves and others. Finally, (in 
this or a subsequent article) we present our implications 
for curriculum and instruction in dynamics toward the formal 
conception of force* 

INITIAL CONCEPTIONS REGARDING FORCES 
I. MECHANISMS OF FORCE 
Push/Pull- 

Initial descriptions of what force means to students 
usually starts with "a push or pull." Furthur elaboration 
includes "something that affects something else," and "it 
causes an effect." So, push or pull, to students, includes 
actions by touching external agents like hands, springs, 
etc., but it also includes causal agents indirectly 
connected to the object of interest. For example, in the 
situation of a cart on a table, attached to a string that 
goes over a pulley and is attached to a weight hanging over 
the end of the table, students will readily suggest that the 
weight is exerting a force on the cart. (See figure 1.) "It 
is causing it to move, so it makes a force on it." In a 
situation with a horse harnessed to a sled towing another 
sled with boxes stacked on each sled, many students suggest 
"there is a force by the horse on box A", a box on the top 
of the. stack on the second sled •(Figure 2.) So, for these 
students since the horse or the weight cause the effect, 
they are forces, or they exert forces. The influence of 
these causal agents is not wrong but their conception of 
force is different from the formal conceptions of forces on 
the cart or the box. 

The push or pull can be an action at a distance, but 
here again their conception is different from that of formal 
physics. First, for at least fifteen percent of beginning 
physics students, gravitational and electrical forces are 
not well differentiated from magnetism. "The earth has a 
magnetic pull on the moon. It attracts the moon through 
electrical charges." "The pull of the earth on the moon is 
magnetic." Secondly, like early theorists in the history of 
science f students have trouble with there not being an 
intervening medium like air to help "pass along the force" 
in situations involving action at a distance. In fact, for 
many students it is the pressure of the air that causes an 
object to weigh something . (Minstrell , 1982) 

No Passive Actions- 

The students' conception of push or pull does not 
include the passive actions. (Driver, 1983, and Minstrell, 
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1981) The table under a book at rest or moving supports the 
book or resists its tendency to fall, but that passive 
action is not considered a force. A string connecting a 
moving object' to a causal agent is not considered to be 
pulling on the object . (Figure 3.) The string is just a 
passive intermediate. Anything which is not seen to 
stretch, compress, or otherwise move and demonstrate effect 
is just there to resist or restrict the motion of something, 
but it doesn't exert force „ 

Properties- 

In addition to considering force as an action by an 
outside agent, beginning students often consider the 
properties of the object as forces, perhaps because they are 
factors that affect the situation. One of the most common 
properties- of an object considered to be a force is the 
motion of the object. The faster the object is traveling, 
the more force it is considered to "have." This 
preconception has been a research topic reported in the 
research literature, it is very persistent. The "force of 
motion" may exist in different forms. it may be responsible 
for keeping the object moving with uniform motion in a 
straight line. (Gunstone, 1985, Hewson, 1986, Minstrell, 
1984, and Vienott, 1979) It may be the forward force that 
conserves curvilinear motion . (McCloskey et. al., 1980) Or, 
it may be the force that causes the vertical acceleration 
(of a ball thrown upward, for example) to keep on 
accelerating. For example, many students believe the 
maximum velocity of the ball will be well after the ball 
left the hand, perhaps when it is halfway to the top, "until 
the downward force of gravity can wear it down ." (Clement , 
1982) 

Other "internal" properties of the object are sometimes 
considered to be a force. Materials out of which objects 
are made may be considered a force because they are relevant 
factors in 'the situation. For example, the balloon may rise 
because of the "force of the helium." An engine of a car is 
exerting a force on the car from the novices point of view, 
probably because it is such a salient feature and cause for 
the car moving. Also, for some students the will of the 
person or animal is a force on the person or animal, again 
possibly because it is a cause for the person moving. 

Resistance- 
Friction is a term that students use to represent 
resistance to moving objects. It is sometimes viewed as 
coming about through a rubbing action, but usually it is 
just seen as a property of systems that tends to retard 
motion. For some students it does so by holding the object 
back, but for many friction resists motion by holding things 
down. For other students there is no implied direction to 
friction. It's just there resisting motion. The following 
is from a session at the end of thfe school year wherein 
Minstrell was interviewing an entire class about their 
changes in understanding from the beginning of the year: 
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Student 1: Another thing that I didn't know was 
that the force of friction had a direction, 
Minstrells You mean initially? 

S 1: You know,, that there is a direction to that 
force and it's opposite to the motion of that 
object. 

M: What convinced you that there was a 
directionality to the force of friction? 
S Is Well it had to do with equal and opposite 
forces ^nd the experiments we did. What would 
happen and why? 

M: Okay* How was your idea about friction 
different when you came in? If it wasn't 
directional , what was your idea? 
S 2: I just thought it was there, I didn't know 
but when you push the block this way, you see that 
••then you have a frictional force that has to be 
like that (opposite) .. . 

S 3: For lack of anything to say about friction I 
thought it was something like the floor sucking on 
whatever it was. . 

S 4: What I was thinking is that it would have a 
certain amount of friction to it* Like a 400 
pound box would have a certain amount of friction 
to it. It would take, like if a guy was pushing 
on it, the force of friction would be greater. on 
the box. 

M: So for any given box or something, there's a 
certain amount of friction associated with that 
box? 

S 4: Yes. That's what I was thinking. 
M: A potential amount of friction? 
S 4: Right. 



II. MODIFIERS OF MAGNITUDE OF FORCE 

Another aspect of the meaning of force to beginning 
students is the way they decide the magnitudes of forces 
acting on an object or the relative magnitudes of the 
"action-reaction" forces during the interaction between 
objects. 

Size/Strength- 

The size of the objects involved affect the magnitudes 
of the forces. Larger objects -are responsible for larger 
forces. This idea has a sound basis, larger objects usually 
can exert larger forces on an object than can smaller 
objects. However, this evidence seems to be generalized to 
"larger must exert larger forces. 11 Although size can 
sometimes mean spatially large, more often it is described 
in terms of the weight of the object. When blocks are 
stacked up with the heaviest block (A) on top, "since A has 
the greater weight, it is exerting the greater force." and 



"because B has less weight and cannot exert as much force as 
A..." are common explanations. In another question wherein 
the larger object, the Washington Monument, is below the 
smaller object, a mosquito, some students suggest the 
monument exerts the greater force because "the monument's 
mass is greater than the mosquito's." In a situation 
involving a bowling ball hitting a pin, many students say 
"••the bowling ball has more weight, so it hits the pin with 
more force than the pin hits the ball with.*." 

For many students relative "size" has to do with 
strength. When two magnets interact with each other, the 
stronger magnet exerts the greater force. This is so 
compelling that even when the strong and weak magnets are 
both attached to opposite ends of a cart, "the stronger 
magnet has a greater force" is used, by a large proportion of 
the students to explain why they believe the cart will move. 
When two different "strength" springs are attached to each 
other and the opposite ends each held by one's two hands, 
many students suggest one hand will feel more force because 
"the spring is stiffer, thus creating a greater outward 
force when compressed." When two people lean against each 
other, many students suggest that Sam, the stronger person, 
will exert the greater force. (See Figure 4.) 

Activity- 

Another salient feature of problems/situations involves 
the relative activity of the objects involved. The 
principle invoked seems to be, the "more active" an object 
is, the more force it exerts. Activity is our word within 
our framework, but it seems to be associated with situations 
involving motion, muscular effort, or internal activity like 
the engine of a car or sometimes possibly even the effects 
of the will or desire of the persons involved. For example, 
in a situation where a moving car hits an identical 
stationary car, "the stationary car has no force at that 
time..", and "Since the one car is moving, it's exerting the 
greater force. .." When two people of equal weight sit 
opposite each other in office chairs with rollers and person 
A extends her legs with her feet on B's chair, "A exerts a 
bigger force because A actually does the motion." in a 
similar situation with two skaters facing each other with, 
hands touching each other's, whichever one extended her arms 
(causing the backward motion) was the one exerting the 
larger force, even if their masses were different. 

The idea that passive objects cannot exert forces, 
described earlier, relates to this activity continuum. 
While some students only apply the principle that more 
active objects exert greater forces, some carry the idea far 
enough to claim that without activity there is no force. 
For example, in the situation of the moving car Colliding 
with the identical stationary car, "The one car is at a 
standstill, so it can't exert a force." When confronted 
with a lamp at rest on feh*. floor, some say "The floor does 
not move to exert a forced 
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Know Forces by Effocts- 

Por many students the way to know about actions is to 
monitor the effects. Generally this idea sounds good from 
the standpoint of formal physics as well. But, beginning 
students are more general in their use of the idea* If, as 
in the case of the book on the table, one can't see the 
table move, "then the table can't be exerting a force* 11 
When the two identical cars collide, the one that "feels" 
the greater force will be the one that will be most changed, 
either in terms of movement or damage 0 In a pillow fight 
the pillow will experience a greater force than the persons 
head, "because the pillow is soft and it will be stopped by 
the head." 

Potential vs. Actual Force- 
Frequently students answer questions about relative 
magnitudes of forces on the basis of the amount of force the 
object could exert rather than the force it does exert. 
With the book on the table, some will say the table exerts 
the larger force,' justifying their response on the basis of 
it being heavier or stronger. "It would t^ 7 ^ a lot more 
than one book to break the table." In Cc where friction 
could possibly have an effect it is often considered to 
exert the maximum force even in situations where the book is 
at rest on the level table with no sideways forces. 

III. MEDIATIONS AMONG FORCES 



Forces in the same direction- 

When all the forces involved in the situation are in 
one direction, the object (s) will move, accelerating or with 
constant velocity, in the direction of the force(s). For 
example, when an object is falling, the major force on it is 
in the down direction, so the object moves downward. When a 
car moves along and collides with the stationary car, all 
the force appears to be in the direction of movement, so the 
system moves in that direction. 

Forces in opposite directions- 

In situations where forces involved are in opposite 
directions, if they are perceived to be comparably salient, 
forces in opposite directions will compensate for each other 
one for one. For example, when two people lean against each 
other, some students explain this by compensating forces, 
"Sam is stronger, but Shirley exerts more effort; so they 
both stay there." (See Figure 4.) If one force is 
determined to be particularly salient, it may overcome the 
others and the object will do what it does because, of that 
overwhelming force. In the situation of the bowling ball 
colliding with the bowling pin, the bowling ball exerts the 
larger force because, "It is heavier, plus it is moving." 

Forces orthogonal to each other- 



Results here depend on which of the forces is perceived 
to be stronger and whether one or another force is believed 
to be strong initially and gradually worn away or weak 
initially and gradually getting stronger* An object 
initially moving horizontally keeps on moving horizontally 
until gravity gradually takes over and "overcomes the 
sideways motion • " In some cases the initial force appears 
so strong that the additional force is of no consequence and 
therefore does not change the motion of the object. For 
example* the object rolling along the path on the top of a 
table requires a hit in the direction that one wants the 
object to go if one wants it to change direction. (See Figure 
5.) In other cases the second force appears so strong that 
the object no longer has any vestiges of the original 
force/motion. Often one is perceived as the stronger force 
initially, but it gradually gives way to the more sustaining 
force , like the force of motion gradually giving way to the 
weight or friction or whatever it is that holds things down 
to the surface. 

Forces other than parallel or perpendicular to each other- 

These tend to affect situations in much the same way 
that the perpendicular forces do. (See Figure 6.) 



POTTING THEM ALL TOGETHER TO EXPLAIN OBSERVED MOTIONS 

In this section we will consider a few examples which 
will put together the Mechanisms, Modifiers, and Mediations, 
to explain some of the more elaborate problems from the 
conceptions research. One reason that it has appeared that 
students do not reason consistently is that different 
students see different features as salient in the problems. 
Thus there are various answers/explanations given by novices 
to the same problem -situation depending upon the features to 
which they attend. 

Consider two people leaning on each other and staying 
stationary. (See Figure 4.) Some students suggest that Sam 
who is stronger and heavier exerts the greater force. 
Others suggest that Shirley exerts the greater force because 
she exerts the greater effort. Still others answer 
suggesting they exert equal and opposite forces on each 
other, some justifying that answer with rationale that says 
Sam is stronger but Shirley exerts more effort to compensate 
for Sam's strength. Thus they get the keyed answer but for 
reasons that involve their novice principles of heavier 
exerts more force and more active exerts more force. 

Consider an automobile wherein the driver puts her foot 
down to a certain position of the throttle pedal. . The car 
tends to speed up at first, but then it tops out at some 
velocity and stays at that velocity. So, a constant force 
at first causes the object to speed up and then sustains its 
motion. It would appear students are sometimes saying that 
a constant force can explain both the accelerating case and 
the constant velocity case. From the point of view of many 
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students this is what happens and it does so because during 
the first bit of time the force is an action that gets the 
car going. Then the car "has" that force. During the next 
bit of time the additional force adds more velocity to what 
it had, so it is now moving faster. It will keep speeding 
up until it reaches the speed that is just right for that 
force on that car. Then, that is the force of motion that 
will just sustain the constant velocity. If one turns off 
the engine, the larger force of motion will gradually be 
overcome by the weight (or the friction) of the car and it 
will slow down to a stop. 

Consider the ball thrown vertically. Explanations seem 
to differ. Some say the ball was moving fastest when it 
left the hand and after that the force of motion gets 
whittled away by gravity. Others suggest that the object 
keeps on accelerating upward after it leaves the hand until 
it gets about half way to the top. Then gravity begins 
whittling away. In either case there is a conserved motion 
in the upward direction that gradually gives way to gravity 
and eventually the object comes down. 

Consider a projectile thrown horizontally. The object 
is believed to travel out horizontally at first with 
vertical gravity, or the downward tending weight of the 
projectile, gradually taking over until the object falls 
vertically. Throwing the object with twice the horizontal 
velocity will keep it up longer; it has twice as much force. 
For many it will "hang" for twice the time before hitting 
the floor. But, if an object of twice the weight had the 
original velocity, it would hit in less time, usually in 
half the time, because the double weight will pull it down 
proportionately faster. Consistent with this is if the 
students are pressed to consider the situation of the object 
with twice the weight having twice the original velocity in 
the horizontal direction, this object is predicted to hit 
the floor in the same time as the original projectile by 
those who gave the neatly proportional answers for the fast 
case and for the heavy case. Other predictions depend on 
how strongly invoked each of the principles were. 

Consider the soccer players downfall. With the 
motion of the ball crossways to the goal, there is the 
tendency to kick or otherwise hit the ball with the hit in 
the direction of the opening between the goalie and the 
post. Novice physics students explain that this hit, if it 
is hard enough, will completely overcome the force of motion 
of the incoming ball. 

Consider the object in circular motion. When the 
inward force is cut off, students will frequently predict 
that the object will continue in curvilinear motion. This 
explanation is dominated by a conservation of motion, 
whatever motion it had when it was released. Others will 
predict the ball will gradually veer outward from the 
tangential path. These students seem to be invoking a 
conservation of the tangential motion gradually yielding to 
the "outward force of motion. 11 

In the past we have constructed test questions to learn 
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whether students understand a specific concept of formal 
physics. By varying pertinent information , we expected 
appropriate variations in student responses. Often the 
changes in their answers seemed random, not related to the 
changes we had made* Exploring the explanations given in 
support of their answers, we have learned that there are a 
variety of features in the test questions which physicists 
believe are irrelevant, but students describe as salient. 
While it appeared that students were randomly answering the 
questions we had posed, it was often the case that they were 
influenced by features which had meaning to them* By 
listing these features in our framework and recognizing ways 
in which the students believe that they affect a given 
situation, much of the students 1 reasoning can be seen to be 
systematic and consistent. By grouping problems according 
to features viewed relevent by beginning physics students, 
rather than by features deemed significant by physicists, we 
have come to see clearer patterns in student responses. 
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INTERVIEWS BY JOAN HELLER 



Analyzed by Jim Minstrell 



In May of 1985, Joan Heller, then a psychologist at UC 
•Berkeley, came to Mercer Island High School as a consultant 
to our research project. Over a period of three days she 
interviewed thirteen students to provide possible validation 
data for our framework. 

The focus of this aspect of our project was the testing 
of a framework for beginning physics students' understanding 
of the concept of force. Under the assumption that student 
thinking should be quite different after a study of 
mechanics compared with the thinking before class work, Dr. 
Heller was .presented with students from three groups. There 
were five students who had indicated they would take physics 
the following year (novices) , four students who were 
completing a year of study under Minstrell, and four who 
- were completing a year of physics under another teacher at 
Mercer Island High School. The students from the different 
groups were interviewed by Heller in a scrambled order, and 
she did not know from which group each had come. 
Minstrell' s instruction differed from the other teacher in 
that Minstrell specifically had addressed students' initial 
conceptions while the other teacher emphasized the formal 
ideas in the traditional manner of a strong PSSC teacher. 
Each of the students had been identified by their science 
teachers as a very strong, articulate student. 

It is interesting to note that Heller was able to 
correctly place most of the students on the basis of her 
interviews. She correctly identified three of Minstrell 's 
students. The fourth she knew had had some experience but 
wasn't sure in which class she belonged. Heller correctly 
identified another three students plus the fourth student 
from Minstrell 's class as students who had developed some 
formal notions of physics. The remaining six she identified 
as probably naive students. One was a 4.0 GPA student from 
the other physics classes. The other five were correctly 
identified as "pre-physics" students. 

In this section of the report we will first use the 
framework to. describe the thinking of one of the students 
about the idea of force, as an example of the sort of data 
accumulated during the interviews. Then, we will briefly 
describe inferences about some stages of development in 
students' thinking about the force idea as a result of 
encountering the formal ideas in the instructional setting. 

Each student was asked more or less the same series of 
questions about the same problem situation. The problem, 
one used earlier by Heller at UC Berkeley, involved a horse 
harnessed to a sled which was connected by rope to a second 
sled which was connected to a third. On the middle sled 
were two boxes, box A stacked on' top of box B (see figure 
1). During the interview the students were first asked to 
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Boxes in Sled 

A horse pulls three sleds behind it., as indicated in the diagram- 
Two boxes* A and B f are stacked on top of each othdr in the diddle sled. 
There is friction between boxes A and B« and also between box B and the 
floor of the sled. There is also some friction between the bottoa of the 
sled and the surface beneath it. 



< 
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give a general description of the situation. They were 
asked how the situation would be different if the system 
were accelerating vs. constant velocity* Next r they were 
asked about the factors affecting the motion of box A under 
the assumption of a constant velocity* As a next level of 
detail , they were asked to distinguish the properties of A 
from the outside influences on A. Usually by now the 
student had used the terra force, so the next level of 
questioning about the same situation asked specifically 
which factors, properties r or outside influences the student 
considered to bet forces acting on A. These latter three 
levels generated most of the information on the students' 
conceptions of force. They were asked to draw force 
diagrams for the constant velocity and constant acceleration 
cases. Finally they were asked about various variables as 
to their potential effects and explanations, e.g. constant 
velocity vs. constant acceleration, fast vs. slow, what if 
the harness broke* , how would weight of A affect it, height 
of A, compare rigidities of B, what if all the air were 
removed, and other variables that happened to come up. 

I. Beginning Students 1 Ideas about Forces 

In this section we will use the framework to organize 
the ideas of a student as exhibited through transcriptions 
of her tape recorded interview. Although the extent to 
which the framework was validated as a model of student 
thinking is questionable, it did serve to help organize the 
ideas exhibited by the students during the interviews. That 
serves as some validation of the utility of the framework as 
an organization of phenomena. 

Interview number 12— female, pre-physics 

Definition of Force- 

This student's definition of force centers around 
"something that had its own strength, like with the wind or 
the horse*. They have their own strength. ..Or the weight or 
..design. ►.since they're all affecting the course of 
things,.. I would call them all forces.. the strength of the 
horse, the strength of the pull, the weight of the boxes." 

The student had some formal knowledge about the nature 
of weight or gravity but it was of questionable value. When 
confronted with the idealization of removing the air from 
the situation, the student suggested that gravity would no 
longer be a factor. 

Interviewer : .You put the whole thing under a dome 
and you give the horse an oxygen mask and then 
pump out all the air. All right, so you make a 
vacuum. 

Student: Okay. 

I:. ..What would happen that would be different,, if 
anything if there's no air? 

S: Oh I've heard something about weight not making 
any difference then, maybe less resistance, maybe. 



I don't know. Maybe the friction o£ you know, I 
was talking about these little molecules of air, 
maybe there wouldn e t be that friction, there 1 d 
probably be some other kind of friction, but there 
wouldn't be that friction. Oh gravity. I don't 
think there* d be any gravity. 
I: Anything else? Okay. You said you heard 
something about weight not making any difference. 
S: Yeah in a vacuum. • tfhis guy was standing on 
top of this fortress and he dropped off a 
cannonball and a feather or something like that. 
And they were supposed to go down at the same 
time. 

I: This is in a vacuum? Oh weight doesn't make a 
difference. .They'll fall at the same speed? 
S: Yeah... That never made sense to me though, 
because I never understood it was in a vacuum 
until recently. • I think or maybe I still don't 
understand it. Because it always seemed to me 
like heavy things fell faster. .so it must be in a 
vacuum. 

Thus, the formalisms didn't seem to make much sense to her. 

Her conception of force doesn't include forces by 
passive objects. 

I: Another thing it (box A) could do is go down, 

why isn't it going downward? 

S: Well B is in the way and the ground is in the 

way and the sled's in the way. 
We get additional confirmation of this when later she is 
talking about the forces acting on box B. "B would have all 
the same ones but A on top of it also." She then draws the 
downward force of A on B but neither A nor B has an upward 
force drawn to represent a force by an object below. The 
objects below are "just in the way." 

She suggests that friction keeps the box A from falling 
off, but draws friction acting in t a downward direction, and 
.says "it would be scrunched down... I guess not knowing much 
about it, but friction, there 'd be a constant down movement 
and maybe up too., just holding it there." When asked if 
friction was vertical, somehow holding it down and together, 
she responded, "I guess. n 

S: "Yeah I suppose so, because it doesn't seem to work 
normally." 

The student's conception of weight was mixed. On the 
one hand weight brought things down, but there was a strong 
conception of weight as inertial mass and weight as a force 
that holds the object back, like "the drag of the weight," 
whereupon she draws it as a force in the backward direction. 

S: The drag of the weight. 

I: There's .some sense of it being held back. By 
its own tendency not to move or something? 
S: Yeah I guess it's why the horse has to pull it 
cause it's pulling some. . .resistance. • • 
So in summary of the student's conception of the forces 
acting on the box, "its got drag over here (the weight of 
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the object holding it back) and the pull over here (the 
horse as the causal agent indirectly through the sleds 
connected to the box) , and friction down here (holding the 
object down)", and there is no passive upward force by the 
box below A. 

From these interviews we learned quite a bit about the 
students' mechanisms of force. We did not learn much about 
their modifiers of the magnitude or the mediations among 
forces. 

II. Development of the Conception of Force 

The following are inferences about the development of 
students' ideas about force derived as a result of Heller's 
series of interviews. 

i 

Themes in MIHS Interview .Data- 
Direct vs. Indirect Interaction 

T. Force as any influence, including properties of the 
system and surrounding systems. 

(discrimination required to achieve next level) 

2. Force as an active influence that causes motion 
(properties influence forces) . 

(generalization required) 

3. Force as active or passive influence that maintains 
position or causes motion. 

(generalization required) 

4. Force as "direct" interaction (through contact or 
action at a distance) . 

Relationship between ?orce and Motion 

le There must exist an "active" influence to maintain 
motion (no clear notion of force in scientific terms). 
A constant pull for constant speed 
A greater pull for greater speed 
An increasing pull for increasing speed 
No pull for no motion. * 
(discrimination required) 

2. Forces cause motion. 

A constant force for constant speed 
A greater force for a greater speed 
An increasing force for increasing speed 
No force for no motion. 

(discrimination required) 

3. A net unbalanced force gets related to acceleration. 
A constant force produces a constant acceleration 

A greater force produces a greater acceleration 
A decreasing force produces a constant speed 
No force for no motion. 

• (discrimination required) 

4. A net force is. related to acceleration and no net 
force gets related to no acceleration (the object continues 
with the motion it had when the net force became balanced. 
A constant force produces a constant acceleration 




A greater net force for a greater acceleration 
A balanced force for a continued state of motion 

once the object is in motion 
Balanced forces for no motion. 

Relationship between Weighty Friction y and Force in General 

1. A greater weight requires a greater pull, regardless 
of friction. Weight and friction are independent (they have 
separate effects) • Friction is a property of the system. 

(discrimination required) 

2. A greater weight requires a greater pulling force 
regardless of friction. Weight is considered an inertial 
force, holding the object back. Friction, like glue, holds 
things down. 1 

(discrimination Required) 

3. Transition state; Greater weight requires a greater 
force only if there is friction (unless the weight is so 
great it overrides friction) . Weight increases friction. 
Friction becomes a lateral action by something through 
rubbing. 

(discrimination required) 

4. Friction force is a function of the normal force. A 
greater normal force requires a greater pull to overcome 
friction. If no friction, then no effect of the weight. 
Friction is a force parallel to th@ surface. The inertial 
mass of the object is separated from the object 9 s weight. 
The greater the mass the less the acceleration for a given 
pull. 
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DYNAMICS DIAGNOSTIC 



TESTS AND RESULTS 
Mercer Island High School 



To t**ft"« our hypothesized framework and as a source of 
data for revision of the framework, we developed diagnostic 
test questions to be administered to high school students 
prior to their taking physics. Our diagnostic v£#ts were 
attempts to sample students' understanding of several facets 
of motion. Some questions focussed on their, knowledge f of 
phenomena in natural situations, while others were to draw 
out the students 9 conceptions used to explain phenomena. In 
1985 we administered a Dynamics Diagnostic to 89 beginning 
physics students while the 1986 version was taken by 132 
physics students. Other groups of students from other 
classes responded to the additional questions. Here we will 
report only the results from the questions administered to 
the beginning physics students. 

In this section we present the 1986 version of the , 
Dynamics Diagnostic first with the results and 
interpretation* For two classes the test was administered 
during the first week of school. Since the other three 
classes did not take the test until approximately one month 
into the school year, when results from the two groups 
differ, we will describe the differences. In a few cases 
the questions would be expected to be sensitive to early 
instruction. Also, when there are interesting differences 
between the results on the 1985 version and the 1986 
Dynamics Diagnostic, those are reported. . 

It should be noted that many of these questions are not 
so well polished that students can clearly answer the 
question without some interpretation and clarification of 
the situation on the part of the test administrator. 
Therefore, on the 1986 version we asked for students 9 
explantions for their choices. Also, the administrator 
talked students through any of the question situations that 
were in any way identified by the students as ambiguous. 

THE TEST, RESULTS, AND BRIEF INTERPRETATIONS 



1. Between 15% and 25% of our introductory students do not 
distinguish between kinds of action at a distance, e.g. 
gravity and magnetism. 

L. fc.Toa could' talk about the pull of the earth oa the mo a a 
25% m 'e magnetic, e gravitational, oe an electrical pull, they 

all neaa the same; they're juat different words. 
S.'tso, they are all different. A magnetic pull is 
75% different from a gravity pall." 

Do you agree vifch h or a? Bxplaia vby. 




2. The relative strengths of interacting objects affect the 
relative forces they exert on each other • 



2. h huga^cftagnet and a tiayAmagnet ax© brought tiaar each 
other*, ffhich of the following statements coalcos the asost 
sea&e to you? 

a) The taage magsat ©sarts qo Sore© on taa small one which 

exerts no force oa tha large ooa. 
85% b) T&a feage isagnea eserta ©are fore® oa the small oagnet 

than the sail one exerts oa the large one, 
*16% e) 7S© hage oagaet eserta the saoe fi orca on the small as tha 

small exerts oa tha large. 
1% d) Tha huge *^agnat asarta losa forca oa tha small magnet 

thaa the a* - 1 does oa tha large, 
1% q) tha hug® *i»gnet exerts ao fore© oa tha small aagnet which 

exerts forca oa tha large one* y 

Briefly explain your choice. 



3. The results for this item were likely affected by 
instruction'. ' In the fc*;o classes which took the test the 
first week of class 25% of the students predicted the 
heavier object would fall faster, and that is consistent- 
with results from other novice groups. For the other 
seventy-five students who took the test after some study of 
kinematics there were only two students who predicted the 
heavier would fall faster. A common belief is that weight 
affects time of fall. 

3. Whoa a load ball and a wood ball or cae seae a^s© ax« 
dropped from tha same haight of about two oeters. • • 
13% a) tha lead ball gets to tha floor way before tha wood ball 
does. 

87% b) tha two balls gat thera about tha same tiiae. 

c) tha load ball gats there way a-fitar tha wood ball. 



4. The force of gravity is different from weight for many 
students. Gravity is considered a kind of force. After 
instruction students who see that things fall equally fast 
suggest it is because the force of gravity is the same on 
them • 



4. From tha previous situation 'tha force of gravity on the 

lead ball is. . . 
17% a) way sore than on the wood ball. 
.82% b) tha sase as on the wood ball. 
2% c) way less than on the wood ball. 

*Percentages may not total 100% due to some students giving multiple answers. 
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5 The weight of an object and/or the force of gravity 
that object may be affected by air pressure. For a 
significant portion of our classes a lazge change m the 
pressure greatly changes the weight of an object. 

5. Sapper « ^•2 tt «£l5. 1 ; JtfSLSifS «°S«r.-~ 
classsooa. *£ ?» K SS«S ie "a^ in oar eUwrao-, what 

Sifters*: ssi^s?^ * ™« 7 

Briefly axpLain. 



air 



51bs (10%), 10" (8%), 10 (43%),10 + (10%) ,20 (29%) 



6. Because there are two main forces involved, from the 
beainning students' thinking the force of motion will 
d?miSaiS 9 unt?l the force of the hit takes over in the 
direction of th© target. This point of view is probably 
even more prevalent than the results of this question 
auaaest If the particular situation is in the realm of 
Ixnlrience of the student, they will answer on the basis of 
recognize! experience. If not experiential, they w lU 
likely resort to their dominant belief based on the salient 
features of the problem. 




Top 



AflSuiM you aro Looking 
down on a track on a 
table top. A ball is 
atarted from the START 
position. If you want 
the ball to and at FINISH 
in which direction would 
you hit the ball when it 
gets to the elbow? 



•A (50%), B(46%), C (5%), D (2«) 



ERLC 



30 

25 



7. Relative activity of people (or inanimate objects) 
involved in an interaction suggest the relative magnitudes 
of forces exerted on each other. For many, passive objects 
cannot exert forces. 



"7, Hh? oserta a focco on whcra in each situation below? and Hot* 
do you decide? If both exert forces r which is larger? 



86% girl 
6% woman 
8% both 



til 



<L?he girl is the one who oxtondg her 

9S&8 • 

Hho oserts the Sore©? 
Reasoning: 



1036 girl' 
74% woman 
16% both | 



13% girl 
7% woman 
80% both 



b.The woman is the on® who ex tends her 
arms* 

Who exerts the force? 
Reasoning: 



c. Both extend their arms. 

who exerts the ffocce? 
Reasoning: 



8a • Objects, or in this case a person, per^ived to "cause" 
the resulting change in a system exert forces on the system. 
Thus, the person, even though not touching the object, is 
said by many students to be exerting a force on the book. 



8b. For many students passive things like strings cannot 
exert forces. 



8c. Passive objects like tables don't exert forces. Only 
about one third of the students suggested that the table 
exerted an upward force. 
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8d. Air tends to exert a downward force on objects. Air 
pressure is responsible for weight or gravity. 



8e. Gravity affects things in the downward direction. 



8f • While many students can recognize situations wherein 
friction is involved, only about a third of then suggest 
that friction acts. in a direction counter to the direction 
of motion of the one surface tending to move over another • 



8g. Only about half the students believe weight represents a 
downward force on the object in this situation. To many 
others weight just keeps the object from moving. It is a 
factor affecting the state of motion of things, but is not a 
force. For others it is a force in the backward direction. 




8. A person pulls en a string (as ner the picture above) 2nd the took 
nsovea tewsrt hap. 

a) Which ana -or- mora of the following would you aery is (are ) exartinr 
a force on the beck? 

b) Hbr each one that is ousting a force on the book, describe the dlrscticn(s) 



of ts» fores If t 


tore is a dire 
Y«l of no, 


cticn* 


aU>-* left 








tlaa nerscr.? 


80% 


20% 






94% 


1% 


^3% 




tte ststcssi 


'80% 


20% 




3% 


88% 


3% 


5% 


1%_ 


W» tab la? 


70% 


30% 


49% 


6% 


2% 


7% 


16% 


17% 


the air? 


68% 


32% 


17% 


57% 


21% 


28% 


5% 


17% 




95% 


5% 


2% 


97% 


1% 


1% 




1% 


friction? 


94% 


6% 


' 8% 


6% 


17% 


34% 


23% 


20% 


ti» m alfjrt 
of that bock? 


75% 


25% 


3% 


70% 


5% 


9% 


7% 


7% 



* Direction Percentages are percent of those who said, "Yes, there is a 
force." 
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9. This tends to be a very complex problem from which to 
predict responses. Heaviness and strength are stated 
dominant features , but the perceived necessary activity of 
the smaller person to ke 2p the situation at rest also guides 
the thinking of many students. 



A 



4o4 k«Mi «r 

% $sm is atsoaggr^tetofl Shir lay. TSsy lean oa each othos 
faa pas tfee picessa.) 

a) S*ss esesis a grsat«r fie res sa Shisi^y 

b) 3asa aad Shir lay osost cqoal florcss on Q&cb other. 

c) Slxisley oxerts 4 graatar fore*- oq Sam. 
»d) tsoithcs eses^s & foscta oa tiie other. 

SsiQfflLy" as?lais. 

» 

A (50%), B (29%), C (21%) 



10. This problem was to help separate heaviness from 
strength. Generally students assume heaviness and strength 
are correlated with size. The fact that these responses are 
so different suggests that the weight was a very salient 
feature of problem 9. 



10. Sionose Sac is straraner but net heavier than Shirley. Under these conditicra 
which of those answers v.-ould rake the r.ost sense? 
a, b, c, d, (circle one) 
Briefly exalaln. 



A (16%), B(70%), C (9%), D (2%) 



11. Prrae for many students is associated with anything that 
has its own strength. and can move. Our instruction in 
kinematics apparently reduced the percentages of students 
who held this belief. The classes that took the test at the 
beginning of the year included about 20% suggesting this 
belief, and that is consistent with our results during 
previous years. In the three classes which had had 
instruction in kinematics for a month, there were only about 
3% who limited the force idea on this problem. This is one 
small piece of evidence in favor of the hypothesis that 
knowledge is integrated between areas rather than isolated 
individual strands. 

ft* ?osc*s can only osortad by 
1% a) ?<wpA* «' 0*±M£ aeiswuLs. 
11% b> anything titat" sao Siw*. 
88% c) anyetoia*. 
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12. A large proportion of beginning physics students explain 
constant velocity motion with extra force in the forward 
direction. Some believe the force must come from an outside 
action while others think of force as a motion property of 
the object. 



IZ* Givea thau ohjeet & *a awvia? vo*«rd the sigh* with a 
• . 'eotiee&ae .velocity (coaetaae speed ia a straight Use). 

fthich o£ the .Soliovio? mkmta the nwat sesae? 
86% &> Ohje« &< has QS9SQ fiorward force as it tbaa backward 
fiasco*. 

9% b) o&jcsre & has equal forward and tacimrd fiorcas ou it. 
5% c) Object .& had Less forward force oa it than backward 

fOSCe* 

Briefly sxplaia how you decided. 



13. The first year we asked this question we expected the 
same results as with problem 12. This problem, however, has 
the additional feature that the object is now moving twice 
as fast as in the previous problem. For many students this 
now elicits a need to also account for the aditional feature 
of the change in velocity. Often their explanations include 
a mix of force as a property of the object and force as an 
action on the body. Thus, for some it has the same extra 
force it had for the original motion plus something to 
account for the change. 



I '3. Suppose the object from the pravious problem had twice 
the velocity. 

Which of the following mold sake the moot sease? 
72% a) the extra fore® forward weald be avice as gr^at. 
8% b) the oxtra force forward would be the same as in the 

previous problem. 
7% c) the forward ad backward forces would be equal to each 
other. 

4% d) the extra backward force would be the same as in the 

previous problem. 
7% o) the extra backward ffo'rce would be twice what it was ia 

thar previous problem. 

Briefly explain. 



BEST COPY AVAILABLE 



14. The results of this problem were affected by instruction 
for three of the classes. Typically about 75% of our 
beginning students predict that an object moving 
horizontally will not fall as rapidly as the same object 
dropped, in general their explanations involve a mediation 
between the force of motion which the object has in the 
beginning and the weight or force of gravity which gradually 
takes over. 




20% 
72% 
8% 



M. & hail flails fissffi *i» end of a fcaUia and takes 172 

second fieoa tt* «d<J0 J" *J f J"i ^S?Sd 

ideatical bail coiU serosa toe table at a &ig& s?<ws ana 

ttiafl off ti ne table. 

fxoa tbe edge of ebe table to tb© floor it will take : 

a) sun tbaa 1/2 s«ac*»*. 

b) 1/2 seccod, ao difasraace. 

c) leas than 1/2 a^sc^ad. 
Ssieily Qtfpiaia. 



ADDITIONAL QUESTIONS, RESULTS, AND BRIEF INTERPRETATIONS 



Pendulum* (n»89) 

The trouble with this problem is that all the answers 
involve the same student explanation: First the object has 
the force of 'motion, then gravity or the weight takes over. 
For answer C the weight takes over immediately upon cutting 
the string. In A it takes over gradually. While in B, the 
motion is conserved for a bit until the weight overcomes it. 



The string breaks just as 
the pendulum roaches the 
mid-point of the swing. 
Which diagram shows the 
path of the weight as it 
Sails? - 

Briefly explain how 
you decided. 




O 



79% 



9% 
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Tube- (n»89) 



This problem involves conservation of motion with a 
possible mediation later. In A the motion is conserved but 
then the centrifugal force gradually takes over and the ball 
curves outward. B involves conservation of linear motion, 
and D involves conservation of curvilinear motion. C begins 
with conservation of the curvilinear motion, but then 
gravity takes over as the object runs out of curvilinear 
motion. 



Floater- (n»89) 

Nearly 70% of the beginning students hypothesized that 
the object exerted a force on itself, usually this was in 
the form of a property of the object, e.g. the force of its 
density or the force of the wood or the air. Their 
conception of force involves factors that might cause the 
object to do what it does. 



IX a block of treed is held dowa near the bottos of a 
container or" water at position A. it is released and rises 
to' the surface to points C". On the way, while it is rising 
it paaaaa through point a. Explain, what are the fiorees 
involved to cause it to be rising as it passes point; 3? 



Imagine you are looking down at a spiral tube lying flat on 
the ground. A ball enters the tube. Assuming there is no 
air resistance , which path does the ball follow upon ■ 
emerging from the tube? 




ExDlain haw you decided. 



A (15%), 8 (61%), C (24%) 





PA 
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SCIENCE DIAGNOSTIC 



TESTS AND RESULTS 
University of Massachusetts 



As a further test of the validity of our inferred 
framework, we used the framework to interpret the results of 
data being generated by the John Clement and the Cognitive 
Process Research Group at the University of Massachusetts, 
Amherst. Among other products of their research grant is 
the development of a Science Diagnostic to test students' 
ideas about interactions between objects and about frictioa. 
The test provides rich data about students' conceptions of 
force. Since their project goals held a large intersection 
with ours, we've been collaborating during the last three 
years, in 1985 we administered their Diagnostic to nearly 
one hundred students, and in 1986 a slightly modified 
version of their Science Diagnostic was administered to one 
hundred and forty-five students at Mercer Island High 
School. 

In tv>; . section of our report we present the latter 
version .he test, the results with our students, and our 
interpretation of those results from the viewpoint of our 
framework. Our version of their test has one more question, 
Stock Cars Too, an extension of their Stock Cars. The 
purpose of that extra question was to investigate the 
students' distinction between forces experienced by and 
forces exerted by objects. A second major difference is 
that we did not include a confidence scale with each 
question as they did. Finally, we asked students briefly to 
explain their choice of answer for each question. We felt 
these variations better served our research purposes by 
focussing on students' ideas and experience or rationale in 
support of those ideas. 

PLEASE NOTE: Their Science Diagnostic is not yet published. 
Do not cite these results or use these test questions 
without first consulting John Clement, Cognitive Process 
Research Group, Physics Department, University of 
Massachusetts, Amherst, Mass. 01003. 



THE TEST , RESULTS, AND BRIEF INTERPRETATIONS 



Lamp 

A large proportion of introductory physics students do not 
believe passive objects like floors exert forces. 

J1a feaya i on floor 1«s? tad loaves it standing 1q tit* comar of Ms rocs. 
kSrtcfc of u» foUoerfog go jroa tMRfc 1ft true? 

22% 1) T*> fleer exerts &a uparo force oq tfta floor Ias^. 

78% 2 1 Tfes floer Odes «ot eaert m uptsm force ©a tno floor 



Stock Cars 

i- 

Objects experiences force differently, perhaps based on how 
much damage the student believes the object will sustain. 
Stationary cars are passive, while moving cars are active, 
so the stationary car will expereince more force (effect) • 

STtel CAS& 

At o 608*11 ilea oeroy* eoestocfc car wolgalug Wutt loa. runs ftee4*ea at 20 WPH. 
Into arouse? 1o*«tlcel stock car w&1cn is staaalo? still. 

u&m taey ceSUoo: 

21% 1) Eacfi car experiences a force, tet ttio minq car esporltnces a greater 
force 

59% 21 £aco car exporleacos a force* out too stationary car eaperleaces a 
greater force ■ 

19% 3) Bout cars experlcocrf toe saao s1xe force 

4 ) ualy tfto eovlog car experiences a force 

b# Oaly ttio stationary car experiences a force 

4 i Hoi tfcer car tsoorleftces a force 
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Stock Cars Too 



Active (moving) objects can axert more force. Passive 
objects can't exert forces * 

STOCg CABS TCP 
V&tasi fefayy oolUrfax 

59%. 1) Efctfi c&p marts ft Am, bub the aovlrj? car exerts a srsater fore© 
4% "3?) Fitch car axarca a fbrca, but t£» stationary car spjarta a sroater^arc® 
7% 1) 3ath car s cars tea aq asa f ore a , 

30% Z?) Ckdy tha stavlnc car aocspta a fbrca * ! f 

!) nnjjr tha atattonary car aaarta a fbrco* 
^ j S) tlatttar car exerts a fcrca 



Stationary Boxes 

This is a complicated problem from the standpoint of the 
framework of student thinking because it involves many 
salient features which conflict with each other and make 
prediction/explanation difficult. An active human is 
pushing a heavy box which was moving but is now at rest 
against a lighter box which has been passive all along, but 
which is now somehow preventing any further movement of 
anything in that direction. Answers are very scattered. A, 
the larger of the two boxes, is dominant to 36% of the 
students, while B, the one that is seen to prevent any 
further movement si supported by 25%. 12% suggest that only 
the "active" box could exert a force, while 14% suggest that 
neither of the boxes which are seen as passive can exert 
forces. 

STATiramr goxgs 

A taraaoase tarter it ttrm% 
to si 169 a large sax A up against a 
sasller tax S. Ke uoa mas to 
save totft Mm At ca&Q as ivmsi in 
tfta picture, Dot* ho is tat stress 

£88t8$ft M COtjlllKI » yWS » 

Tfelofe afcaat tfeetftor A exerts a forte 
co 0 Ma toostaor & aseru a force w» 

A oalle fie 1s posalog &3t usable to * A R 

am taesw iomco one of u* ° 
fall cart ©9 1s true? 

36% 1) Each exerts i force on tfte ouwr, out A axons a larger force 




25% 2) i&tb essrts a force, tut B exerts a larger force 

9% 3) Csca e&erts a force* soa toese forces are toe saee size 
12% • 4) Qa\y box A exerts a force 



2% S) Oaly Cox B exerts a force 



14% 6)' teltter tax exerts a. force ca u&e otftar 



Office Chairs 




41% of the students chose to say that A, the physically 
active person , exerts the greatex force. 31% suggejt that 
the passive person can't exert force. 

yam 

Two sfc'*3sst& u&a o©ta *?lf0 12U Ifes. sit 1© Identical rolling office cftslrs 
f octe t ctca ct&sr. Sttsssat A pi acqs Ms fcarc fe f ca rtegsat B # s hraes, o& 
s&oaa tain* 

isosa st&esat A klcfca etrttt&r*, ft coves tl^ rtgau. 
toot OO^^m to A? 

89% 1) A 60*0* loft t<— — ) 

4% I) A coves rlgfct I— — >) 

8% „ 3) A resales catlealess 

A 

Y&tafc s&ooc ufeati&r A eserts a force oa 0 s*4 uftettear 0 exerts a force ea 
A ts&sa a Mesa ootuaro. tfiricft oae of too follotriag 1s trml 

41% Soea osarts a force ea tfee otfeor. tmt a eaerts a larger force 

11% __2) <A€8 exerts a force* tot 0 eserts a larger force 

15% « JM eaaru a force* eed time forces are tfca sasa size 

31% __4) Caly A exerts a force 

2% — S) Oaly 0 exerts a force 

_J&) neither eserts a force ea uas other 

Handsprings 

A significant proportion {57% here) of the students believe 
that stronger things will exert greater forces. 

As sOom 1ft toe dlagraa below, a*« fcoldleg two springs, a strong, stiff 
oao aao a «eet, soft ooe* betvaea yct^ needs. Too cove your neaos a few 
lacaes closer together, coaoresslag tat? springs a bit against sacn other. 
Kaeo jroia nolo jour usees still la this position with tne springs to&ewoat 
caoorossee* *o1cn oao 1s true? 



45% 1) Ito loft fcane fetls a greater outuerd force 
12% mmm J) Ibo Mgnt hand feels a greater outward force STRONG WEAK 

35% ._3) Caen nana feels a force of the sasw size 



*j/o ji mcb nana t«bii « Tores ot vne uai size j \ 

1% __<> N«1th.r «.«< f..l, , f orM ^J-S^^S^^ ^ 

» UU»r (£xpt«1a) L HA«0 ' V HAWO 



Suitcase Problem 

III ?rLr U ? en SL f ? iCti ° n is a P*^erty of the system 

X ! exer J ed ln anv Particular direction. For objects 

oleTccll JS.V?? P re * uire3 the weight of the obj^t to 
student motlon ' suggested here by over a quarts* of the 



A tsrtteaso sHeos froa a rasp cat© 
steal floor of tea feo$$a$9 area it w 
airport. Ubllo it is still slialng oaj 
tfco fleer, uericft e&9 ©f tb© fol1e«iag 
soatoacos eaglalos «ay tuo mucase 




4% ^1) Tfes floor pall s oous oa tbo suitcase, c*B*1*g it to stop. 

36% Ttoro 1s o frictloo*! roslsuate to too eotfoa of tbo stritcasot teat it 

1ft est io &»y perttcular eirewtloo. 

27% 31 Tto flew «sas ml «xsrt » fare* oa tfc» striteau ttiica offsets its 

Bat1ea t fevt Us >ao1f&i ?# xtm uritcosa pus&os oeea against tfta floor. 

7% 4 ) Toa floor exarts t fane cm urn iuHeata la tlto ofroctfoa epposlut to 

Ua suitcase's ootisa caoaiog it to stop. 

30% 5) Ssaw (explain). 



Steel Blocks 

Things on top of other things can exert larger forces 
because they have their weight actively working for them. 
To the extreme, 38% suggest only the active object on top 
can exert force. The passive object below cannot exert 
torce* 

A lotto stool block volgatiftf Wo lbs. rests oa * saall itMi hW* 0n 
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38% ,1) Cacb eaert* a force oa mo 

atber. tot A exerts a largor 
forco 

8% taca twru a forct* Out b 

exerts a largor forco 

12% _3) lacb osorts a force, and- tnesc 
forces are tbo sano sue 

38% Only blocs a a sorts a force 

1% _&) My block 9 turn a forco 

fieltber block exerts a forco on 
tbo outre 



Bfnt<\^ 
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Pulling Blocks Problem 

This is another problem that involves so many salient 
features in conflict that it is difficult to predict/explain 
the outcome • In the first problem the larger and heavier 
object is in the front and probably seen by some to be 
actively pulling. Others see that neither of these blocks 
is the active puller. It is something out of the picture in 
each case. In either case there is also the last object 
lagging behind and holding things back due to its weight. 
This is particularly dominant in the second problem where 
the heavier object is the one being towed by everything 
else. In the second problem apparently 30% believe the 
first block is the active one doing- the pulling. 

fiaytg sums ptaiauw 



cad bf ft repa <x* * 

feortaaatal sttPfftOft. T 

FClU tfta tlGtftf so w t&ftj 

sccaleratfe 

T&tfit *&8&t iMttaf as* tflacfc# A 

ar k ta tsattla? ft larger forea 
m u» ataae blagfc . ar uftataar 
iaa vomt €*©rt ca »&cn 
ffiaar wa c^9fi 1 • 

BSlCfe BftlOBf 1s trua? 

66% ^ M 1) * esartt a Ur^ar forea 
18% M • «aartt ft Urgar forco 

18% 3) Tut forcas sra equal 



la ua saal c*sa ttlaw two alffarm blocks *re tela? Accelerate* ta m 
rlfat. 

telcft eaa fcelm 1s tn»? 
56% I) A eaarta ft larger forea 

30% «... *J • aaert* ft larger force 
14% 3} Tfea forcas ara equal 
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Crates 



Of those students who did not believe friction was a force 
in the problem, 61% suggested the heavier object, the one 
that seems to dissallow motion, exerts the larger force. 
For those for whom friction was a force, the friction force 
was larger than that of the person (presumably in either 
case because the human could not overcome the crate.) 



llllllll! 



mi iiiii 



A aaa trie* to posh a era La welgnlng 400 lbs. -but he cannot aovo It. WMle 
U poshing to the right: 

Is frlctlsa cos of tho forces Acting oa tfta cm* in this situatlco? 
16% — *° 84% TO 



If $&$ said no afcovot think snoot 
wsether the block exerts a force 
ca tm coo «h11o Ho 1s poshing. 



If yea sal4 Yes above* which Is 
larger 9 the force of tee eaa 
pushing, or ttie force of frietle 
oa the crate? 



\% mmmm The block exerts a force an the ese 68% * The frlctlea force 1s larger 

3% The block does eot exert a force oa ft # The force of tho om pushing 
tee B&a, H*s Just 1n the way. 1s larger 

2% \ The bloc k ex erts a force on tho boo * 6% These forces are the saae siyi 

toot is e^ssal to his poshing forco. 



10% Tfea block exerts a force go the 

that 1s larger thaa hie poshing force. 

1% Tho block eserta a force & the aaa that 
1a saoller t&saa Ma pushing, feece. 
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Bowler 



This problem is interesting because it is so easy to 
predict/explain on the basis of the framework. All the 
important factors (size, weight, motion, hardness) predict 
the ball will exert the larger force. For those who are 
strong in the belief that passive objects cant exert forces, 
only the ball can exert a force. Because this problem is so 
unidirectipnally predictive, it or one like it makes a 
strong question for measuring the effectiveness of 
instruction. 

fcma a Deal tog toll oatg&tog 1& l&s. Mis a towllog p1a vatgatag 4 16s.: 

77% 1) Caca 620 it* a forca eo tee ottor, but tne toll exam a larger force 
1% 2) Caen exerts a force, tot tto pi a exerts a larger force 
1% 3) leca exerts a force, eao these farces ara tto saoa Mia 
4 ) only u» pto eaaro a ferca 

20% JM ©aly tto toll eaerts a forca 

6) Betttor exerts a forca oa tto omr 



Mosquito 

This problem suggests mixed features. The heavy object is 
below, but the active object is above. The heavy object is 
passive and to many it can't exert force. 



69 a aay vita no triaa* a aesaaito 
lima co tap ©f tea uasategtefr 



A 



Urtto etoasC yamx&sr tto cotqutte 
•aorta a forca ea tto eeauoeat 
tea Htotoer tto neauaeet exerts a 
ferca ea tto aasqutte aalle it is 
restlag were. * Uric* af tto 
follertag ft* tnsaf 



15% 1) CacO ciarts a forca oa tto otner, tot taa obsquito exerts a larger forca 

18% 2 1 £aca turts a forca • tot taa aaoumst exerts a larger forca 

16% 31 Cacft axerts a forca. aad tna farces ara tto sane size 

4% „ 4) ualy tto assuwot is exerting a farca 

41% I ) Only tto casual to Is exorttag a forca 

8% 6) Betttor exerts a farce aa tto attor 



Magnets 



55% of the students suggest it will move, most because the 
stronger object will exert the greater force. 



T«o assets are MCtmriy fa&te&ee to opposite sleet of a art, ano aliased so 
65 to repel each otfcer 9 as seeeo 1a toe dle^reru Tea cart 1s storey so u» 
rc^alslea Pernod tea eagaots caooat crest the cart s1c@s. 



If esse sagao* 1s bbco streamer toon toe other, aae ko pi acq tea ca^aota 
Shssa 1a %m *1a§fm so toot toey gaso aaar (n& osce otftor, «e&flt trill nappso 
to too cart? 1 



28% _ ,1) U Will GOTO loft It— — J 
28% 21 It will caw rlpat 1-— >) 
45% 0 3) H tHU rasalo ootlealoss 




Book Pile Problem 

Again in this problem friction is considered a property of 
the situation or system. If friction does have a direction 
it is downward to keep the object from moving sideways. 



38% 

14% 

Z% 

7% 
16% 

22% 



MPS P\U POOflUtt 

Tuoety Ur$a oeehs are staefcee 1o a pll* 
1a Roger's garage* aad Roger «sats to 
iv&sa toe hlaefc ooe 1a the altidle. Ho 
trfieo to poll it aerlzoatally out of the 
pile vlteevt tahleg tha ooou shove 1t 
off. Out csa't B0V9 1t. 



Tote n pnaartly oeeatase: 

1) There 1ft a frtetle&al force exerted 
*— 1a a '«mmm 01 recti oe on toe boon 
froa too cm aoeve 1t. 



2) There- are frtctleoel forces acting 
"~ ' horizontally ©a toe Poet, 

3) Toe ftooo' ft 1eortla oppose* Roger's 
~ * pel 11 09 force. 

4 1 Gravity pulls Oqm on the Pooh 

S ) Roger eserts the only force oo the 
Poofi. Oet the hooh is tripped 
because of the otatoer of books oo 
to? of iU 



6) Other (explalo). 
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Three Boxes 

The dominant feature here is that A is on top and so has i 
weight which can be actively used to push down. C is just 
passively at rest under B, and for many passive objects 
can't exert force. 
Tgy BBSS 

Tt&aa Ettas are stacked ca ts$ of eacfi otftar wltfi to lightest ca tfca eatica 
asa tea feaavtesi oa ifi© te$. Tbiafc afe&at t&atftor ttsa tc$ aes Dottsa Meets A 
aaa C tsar* a fe**o ea taa et^ata alack B. fcsaicfe 1s tnsa? 

33% „U Said A asd C asm a fosxa ea I. 

e£3 tin .farca A asarta is greatar 

16% u ami A aoa C asort a farca aa 9. 

aad tfia forca C asarta 1s g rosier 

10% 3) 8atb A ana C exert a force af 

tfta ssaa $1xa aa B" A 

39% 4 ) a uaru a forct aa b, but C _____ 
aaas aot 

1% i) C-aaarta a force ea B, test a r 

aaas aot • » a 

1% b) B&ltfiap A a&c C asset a fare© ea ^ 



Speeding Up and Slowing Down 

A dominant feature is that once the object is actively 
moving, a larger force will need to be exerted to overcome 
the force of motion. 



accaterata 




aac&tar&to 



Caa*i t aar tna farca F 4 itoaaaa to accalarate Uaaad up) a cart fro&a npft 
to S aa* la a 10 sacaaa period. Gaspare It wltn tna farca naaaad to 
oocalarata (sla» aaua) tHa saaa cart froa % Bp* to rot 1a tna sasa la 
saceo* pari ad. Kaglactlag frictlea, ccspara ttta $l2as af tna two 
forces. Kfilca 1s trut? 

16% U ^ fa graatar tnao F d aacausa 1t aust avarcoaa Inartla. 

43% 2) Tna SI20 af F* equals tna me af F 0 

32% — 3) Tfea $128 af F^ 1s graatar bscausa It east avarco&a aas&aUa. 

2% 4) Cthsr (elaa&a aioSaln) 
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CORRELATIONS 



So far the majority of the described data has been 
answers for individual test questions. We know quite a bit 
about the specific answers students give for specific 
questions, problems, or situations. Is there any 
relationship between the specific answers, or are they 
random responses to questions as they occur? We believe 
students conceptual reasoning is not random. While we do 
not belive we have identified a theory of student reasoning, 
we have data to suggest that students' alternative 
conceptions are persistent, and the ,f v use of their 
conceptions is more systematic than khan they've been given 
credit for in the past. 

We began our search for relationships between facets of 
students' reasoning by correlating all the items within each 
diagnostic test, pre- instruction quiz, The Lawson Classroom 
Test of Formal Operations, and some items on the semester 
final exam with each other. In many, cases, we had combined 
several questions that were related from our formal point of 
view, e.g. situations dealing with action reaction (Newton's 
Third Law). These yielded interesting results, but not the 
number 02 types of relationships we expected. We now 
believe that was largely because we were analyzing their 
thinking from a formal physics viewpoint. 

Later we gradually changed to a more fine grained 
analysis. We correlated each possible answer to each item 
of the diagnostic tests with every other possible answer on 
the other questions. At this level we bagan to see more 
consistency in the sorts of answers/explanations they were 
giving. This allowed us to redevelop our framework to more 
closely reflect students' wording and, we believe, students' 
thinking. The data gathered during the last year was 
analyzed at this level of analysis. With oun framework 
applied at this level of detail we could better predict how 
students collectively and sometimes individually would 
respond to questions. 

The persistance of students' ideas 

Consider student number 7 (S7) , who was interviewed by 
Heller in the spring prior to S7 taking physics. During the 
interview while relating the forces acting on box A she 
said, probably air pressure, just pushing down on A and 

B and everything else*., air pressure, it's a force from 
above instead of a force pulling on it." Later in the 
interview when she was asked what would happen if all the 
air were removed, she responded with there would be a 
greater tendency for A or any of it to just start floating . " 
Thus, during the interview at least, she exhibited a strong 
•belief that air pressure perhaps along with gravity caused 
things to weigh something. 

On the Dynamics Diagnostic given the first week of 
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physics class, S7 responded to a question regarding an 
object which weighed 10 lb under normal atmospheric 
conditions* When placed in a special room wherein the air 
pressure could be doubled, she suggested the object would 
now weigh 26 lb. "It would weigh two times as much because 
the air pressure on it is twice as great, causing it to push 
down harder on the scale." 

At the beginning of a unit on the nature of gravity and 
its effects, the students were asked what would happen to 
the weight of a 10 lb object which was placed under a glass 
dome, and the air was evacuated from under the dome* She 
suggested it would weigh less than 10 lb, and explained 
"probably a little of the weight is due to air presure, so 
by removing the air pressure, probably a little bit of 
weight will be removed." Then, during this brief, 
instructional unit, an object was weighed in air and then 
under a Bell Jar with the air removed, allowing students to 
see that there wasn't a detectable change in the weight. 

Finally, at the end of the school year the same 
diagnostic question was used with the special room wherein 
the air pressure was doubled. S7 said; "20 lb., because the 
object will be pressed twice as hard down on the scale. 

This student's idea associating weight with air 
pressure apparently had not changed over the course of the 
year. Lest the reader believe this must be a very dull 
student, let me hasten to interject, she is a National Merit 
Scholar, and will graduate in the top of her class. That 
the instruction failed is clear, even when teachers knew the 
difficulties that some students would have, and specifically 
designed class demonstrations, problems, etc. to address 
those difficulties. We view this as one of the many 
examples we have of students' ideas persisting reasonably 
consistently across time and even through instruction, just 
on the air pressure/ weight difficulty aloie, it is 
interesting to note that the set of all students who 
exhibited that confusion at the end of the year was a proper 
subset of the people who had the confusion at the beginning 
of the year. 

Consistent systematic reasoning across tasks 

Consider the idea that passive objects do not exert 
forces. Consider the Bowler Problem cr> the U Mass 
Diagnostic Test. One of the answers suggests, "Only the 
ball exerts a force." Bowler (5) was chosen because the 
problem had many features to which students might attend. 
Those who picked (5) were most likely inclined toward 
"passive objects don't exert forces." We identified all the 
students who gave that answer and then looked at other 
problems that clearly have a "passive objects don't exert 
forces" answer. For the two classes analyzed 100% of those 
students also answered the Lamp Problem with answer -2, "The 
floor does not exert an upward force on the floor lamp." 
83% answered Stock Cars Too with 4, "Only the moving car 
exerts a force." 100% of those students answer Office 



Chairs with "Only A exerts a force." 82% answer Steel 
Blocks with 4, "Only block A exerts a force." 91% answer 
Mosquito with either "Only the mosquito is exerting a 
force." or "Neither exerts a force on the other." 73% 
answer Three Boxes with "A exerts a force on B, but C does 
not." in each of these cases, the majority of these 
students answer the problems with an answer that suggests 
the -passive object does not exert a force. Only the active 
object exerts a force. It would appear that these students 
are quite consistent in their conceptual reasoning across 
tasks. 

So much for predictions within a particular group that 
had responded to one item in a particular way. What happens 
if we run correlations between Bowler (5) and these 
predicted answers across our entire group of one hundred and 
forty- five students? Bowler is correlated with each of 
these predicted answers at statistically significant levels 
(p<.01). R values for Bowler (5) with Lamp(2) was .26, with 
Stock Cars Too (4) was .19, with Chairs (4) was .63, with 
Steel Blocks (4) was .25, with Mosquito (5) was .36, and with 
Three Boxes (4) was .34. Bowler (5) was not positively 
correlated at a statistically significant level with any 
other items on the test. 

These predicted observations and statistical analyses 
suggest that the conceptual notion that passive objects 
don't exert forces is consistently invoked by beginning 
students as they try to explain physical situations. While 
we still may not be able to predict what a given student 
will do, we are now better able to predict how groups of 
students will behave on a particular question or set of 
questions. Students are fairly consistent in their 
.conceptual reasoning across tasks, if we are able to 
identify their conceptual thread of relationship. 
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DISSEMINATION ACTIVITIES 



During the course of this project we've taken advantage 
of opportunities to influence science and mathematics 
teaching, curriculum development, teacher training, and 
learning research at the local, state and national levels. 
In each of these situations, we shared the perspectives of 
this research project in one form or another. 

publications resulting from the project include the 
following: 

Teaching for the Development of Understanding of Ideas: 
Forces on Moving Objects, in 1984 AETS Yearbook 
Constructing New Ideas About the World: Toward Establishing 
a Newtonian Point of View, submitted with Dewey Dykstra to 
The Journal of College Science Teaching 

Constructing New Conceptual Understanding in the Classroom, 
prepared for the Festschrift for The International 
Commission on Physics Education 

Students Beliefs in Mechanics: cognitive Process Frameworks, 
in /the Proceedings for the Fifth Conference on Reasoning and 
Higher Education , BoTse State Univewrsity. 
A Position Paper on Instructional Needs Regarding 
Understanding and Problem Solving in Physics, prepared for 
the Conference on The Psychology of Physics Problem Solving: 
Theory and Practice, Bank Street College, NY. 

presentations and workshops specifically disseminating 
the results of the frameworks research were conducted at the 
following : 

The Project for Critical and Creative Thinking, University 
of Massachusetts, Boston. 

The National Learning Center, The University of Pittsburg, 
Pittsburg. 

The Cognitive Process Research Group, The University of 
Massachusetts, Amherst. 

The Conference on Reasoning and Higher Education, Boise 
State University. 

The Summer Institute for Mathematics Teachers, The 
University of Washington. 

The Spokane School District Physics Teachers, Spokane, 
Washington. 

The Puget Sound Area Physics Teachers, at the University of 
Washington. 

The research will be presented in an invited address to The 
American Association of Physics Teachers, San Francisco in 
January of 1987. and to the Northwest Washington Physics 
Teachers in March of 1987. 

Other publications and presentations relating to the 
frameworks research are being negotiated. 
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